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Chestnut is a shrub species that belongs to the family Sapindaceae and subfamily Hippocastanoideae. It plays an 
ornamental plant role along with many other species, in many green areas located mainly in urban spaces. The purpose 
of our trial carried out by us is to determine the interactions that occur between Cu, Zn, Pb, Cd, Ni quantified in the leaves 
of the Aesculus hippocastanum L. trees used as ornamental trees in the municipality of Cluj-Napoca, in the climatic 
conditions characteristic of the area. Multiple strong correlations were identified between the heavy metals taken in the 
study, respectively Cu, Zn, Pb, Cd, Ni, in the leaves of the studied Aesculus hippocastanum L. trees, in the vast majority 
of the experimental locations, these being between 0.699 - 0.879. A very strong multiple correlation (R = 0.907) is 
reported for the experimental location no. 2, related Boulevard 1 December 1918, suburban type location. 
 





Aesculus hippocastanum L. is a species of 
shrub that belongs to the family Sapindaceae and 
subfamily Hippocastanoideae. At present, Aesculus 
hippocastanum L. plays an ornamental plant role 
along with many other species, in many green areas 
located mainly in urban spaces [1, 6]. It is considered 
that this ornamental species occupies about 20% of 
the proportion of ornamental species used in urban 
spaces [4, 5]. Also, the specialized literature 
mentions that this species has an ecological role in 
the spaces where it is used [7]. Aesculus 
hippocastanum L. has a moderate growth rate, but it 
varies depending on the variety and climatic 
conditions [2, 3, 8, 9]. 
 





The climatic conditions are an important 
feature that must be taken into account in order to 
ensure the role of ornamental trees of Aesculus 
hippocastanum L. due to the fact that they can 
influence both the development and welfare of the 
trees, as well as their ability to green the environment. 
Due to the fact that the present experiment is 
carried out under the pedo-climatic conditions of the 
city of Cluj-Napoca, it is important to emphasize that 
the city of Cluj-Napoca has a moderate-continental 
climate. The wind is blowing from the north-west 
direction. Also, it is considered that at the level of the 
City of Cluj-Napoca there is a low level of cloudiness 
[10]. 
The aim of our trial carried out by us is to 
determine the interactions that occur between Cu, Zn, 
Pb, Cd, Ni quantified in the leaves of the Aesculus 
hippocastanum L. trees used as ornamental trees in 
the municipality of Cluj-Napoca, in the climatic 
conditions characteristic of the area. 
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The present study aims to identify the 
interactions between the heavy metals identified in 
the leaf tissue of the lime trees (Tilia cordata Mill.) 
From the experimental locations in the municipality 
of Cluj-Napoca, under specific climatic conditions. 
 
2. Material and Method  
 
The experimental field was licated in the Cluj-
Napoca municipality(46º46'0''N, 23º36'0''E), and 
spread on 6 places . Leaves from Aesculus 
hippocastanum L. were harvested, during two 
succesive years, 2017 and 2018, respectively within 
vegetation period of the trees, that is considered for 
lasting from trees located in 6 experimental points of 
Cluj-Napoca where linden tres are placed with 
ornamental role. The leaves were collected during 
vegetation the period April - September  
corresponding to 2017 and 2018. The reuslts are 
expressed as mean by both experimental years. The 
experimental locations from where Aesculus 
hippocastanum L. leaves were harvested are: 
 Experimental location no.1, of traffic type 
(Aurel Vlaicu Street Cluj-Napoca) 
 Experimental location no. 2, of suburban 
type (Boulevard 1 December 1918 Cluj-
Napoca) 
 Experimental location no. 3, of urban type 
(Boulevard 1 December 1918 Cluj-Napoca) 
 Experimental location no. 4, of green space 
type (UASVM Cluj-Napoca Campus) 
 Experimental location no. 5, of industrial 
type (Constanța Street Cluj-Napoca) 
 Experimental location no. 6, of green space 
type (Central Park of Cluj-Napoca). 
From a climatic point of view, the present 
study has shown that in the city of Cluj-Napoca, during 
the experimental period 2017 - 2018, the nebula 
influences positively, in an important way, the rainfall 
regime and the atmospheric humidity and, also, less 
intense, but also positively, the wind regime. Also, it 
should be emphasized here that the nebula has a negative 
influence, but reduced on the thermal regime. The 
targeted heavy metals to be quantified from Aesculus 
hippocastanum L. leaves are: Cu, Zn, Pb, Cd and Ni. The  
Atomic Absorption Spectrometry methodology of 
quantification was used.  
 The program STATISTICA v.8.0 for 
Windows was used in order to process data. 
The following statistical methodology was 
implemented: multiregression analysis (in 
order to identify the multiple correlations 
between Cu, Zn, Pb, Cd and Ni from 
Aesculus hippocastanum L. leaves),  
 multivariate analysis (in porder to perform 
the cluster analysis for grouping the studied 
heavy metals occurence in the chestnut 
leaves), and  
 Principal Component Analysis (for 
identification of the main factors involevd in 
Cu, Zn, Pb, Cd and Ni accumulation in 
Aesculus hippocastanum L. leaves). 
 
3. Results and Discussions 
 
The interaction between Cu, Zn, Pb, Cd, Ni 
concentrations in the leaf tissue of Aesculus 
hippocastnum L. in the climatic conditions of the 
municipality of Cluj - Napoca, 2017 - 2018, 
quantified by means of multiple regression analysis, 
indicates that, at all experimental locations strong and 
very strong correlations are recorded (Table 1).  
 
 
Table 1. The multiple correlations between the Cu, Zn, Pb, Cd și Ni, mg/kg concentrations identified in foliar 
tissue of Aesculus hippocastanum L., in experimental sites (April – September, 2017 – 2018) 
 
Specificare/Issue R R2 Dreapta de regresie/Regression line 
Experimental site nr. 1 0,774 0,599 Y = -40,695+0,561X1+0,271X2+0,419X3-0,397X4 
Experimental site nr. 2 0,952 0,907 Y = -73,887+0,377X1+0,903X2+0,332X3-1,150X4 
Experimental site nr. 3 0,879 0,773 Y = -50,734+0,015X1+0,266X2+0,592X3-0,123X4 
Experimental site nr. 4 0,811 0,657 Y = -5,783+0,132X1+0,162X2+0,131X3-0,900X4 
Experimental site nr. 5 0,816 0,667 Y = -44,581+0,010X1+0,273X2+0,839X3-0,121X4 
Experimental site nr. 6 0,699 0,489 Y = -21,127+0,011X1+0,517X2+0,603X3-0,819X4 
Y –Cu concentration (mg/kg); X1 –Zn concentration (mg/kg); X2 –Pb concentration (mg/kg); X3 –Cd concentration (mg/kg);  
X4 Ni concentration (mg/kg);  
R –the coefficient of multiple correlation: R2- the determination coefficient 
 
Thus, the strongest correlation (R = 0.952) is 
recorded between the accumulations of heavy metals 
(Cu, Zn, Pb, Cd, Ni) in the leaf tissue of the chestnut 
trees, the interaction being described by the 
regression right for more than 90% of the situations 
recorded in the experimental device (R2 = 0.907). 
The regression rights show that an increase of 
the copper concentration in the leaf tissue of the 
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chestnut trees, in all the experimental locations, is 
accompanied by the increase of the Zn, Pb and Cd 
concentrations, but the decrease of Ni accumulations. 
We consider that these mechanisms are explained by 
the physiological particularities of the species 
Aesculus hippocastnum L. (Table 1). 
The cluster analysis highlights two main 
clusters. One of these, located at the greatest linkage 
distance, respectively 150, corresponds to the 
accumulations of Zn in the leaf tissue of the chestnut 
trees (Fig. 1). The second cluster is divided into two 
sub-clusters, both with two branches. One located at 
the linking distance 60, corresponds to the 
accumulations of Cu and Pb, and the other located at 
the linking distance 19, corresponds to the 





Var 451 – Cu concentration; Var 452 – Zn concentration; Var 453 – Pb concentration;  
Var 454 – Cd concentration; Var 455 – Ni concentration.  
 
Figure 1. The cluster analysis applied to Cu, Zn, Pb, Cd și Ni, mg/kg concentrations from foliar tissue of Aesculus 
hippocastanum L., in experimental sites (April – September, 2017 – 2018) 
 
 
Regarding Principal Component Analysis 
(ACP) applied for heavy metal concentrations, 
mg/kg, in the leaf tissue of Aesculus hippocastanum 
L., in all experimental sites (April - September, 2017 
- 2018) it generated four main components, but only 
the degree of pollution and the capacity of 
bioaccumulation can be associated with the selection 
criterion, being responsible for 51.52% of the 
variance and 24.86% of the variance respectively 
(Table 2). 
The Principal Components Analysis (ACP) 
shows that, at the level of Cluj-Napoca, during the 
experimental period 2017 - 2018, the increase of the 
pollution level positively influences, in an important 
way, as it is expected and, the increase of the 
concentrations of the heavy metals studied in the leaf 
tissue of the chestnut trees from the experimental 
locations. However, the capacity of bioaccumulation, 
however, is increased for Cu, Zn and Cd and lower 
for Pb and Ni (Fig. 2, Table 3). 
16 












Var 451 – Cu concentration - 
experimental site 1, mg/kg;  
Var 452 – Zn concentration - 
experimental site 2, mg/kg;  
Var 453 – Pb concentration - 
experimental site 3, mg/kg;  
Var 454– Cd concentration - experimental 
site 4, mg/kg;  
Var 455 – Ni concentration - experimental 










Figure 2. The patterns of principal and suplimentar factors within PCA for heavy metals concentrations, mg/kg 
concentrations in foliar tissue of Aesculus hippocastanum L., in all experimental sites (April – September, 2017 – 2018) 
 
 
Table 2. Total variance explained for common factors action, 2014–2015 
 
Factor Initial Eigenvalues % Total variance Cumulative Eigenvalue % Cumulative Eigenvalue 
1 2.5761 51.5212 2.5761 51.5212 
2 1.2431 24.8620 3.8192 76.3832 
3 0.8105 16.2091 4.6296 92.5923 
4 0.2465 4.9297 4.8761 97.5220 
5 0.1239 2.4780 5.0000 100 
 
 
Table 3. The components matrix  
 
Issue Factor 1  Factor 2 
Var 451 0.7281 0.3901 
Var 452 0.6287 0.7021 
Var 453 0.8839 -0.3655 
Var 454 0.7273 -0.0065 
Var 455 0.5834 -0.6815 
Explained variance 2.5761 1.2431 
Total variance 0.5152 0.2486 
Var 451 – Cu concentration - experimental site 1, mg/kg; Var 452 – Zn concentration - experimental site 1, mg/kg; Var 
453 Pb concentration - experimental site 1, mg/kg; Var 454 – Cd concentration - experimental site 1, mg/kg; Var 455 – 
Ni concentration - experimental site 1, mg/kg. 
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4. Conclusions  
 
Strong multiple correlations and a very strong 
multiple correlation were identified, between the 
heavy metals studied, respectively Cu, Zn, Pb, Cd, 
Ni, in the leaves of the Aesculus hippocastanum L. 
trees studied, in the vast majority of the experimental 
locations, these being between 0.699 (in the green 
space type experimental location, related to the Cluj-
Napoca Central Park) and 0.879 (in the urban type 
experimental location, Boulevard 1 December 1918 
Cluj-Napoca).  
The very strong multiple correlation (R = 
0.907) is reported for the experimental location no. 2, 
related Boulevard 1 December 1918, suburban type 
location. Aesculus hippocastanum L. trees have a 
high ability to bioaccumulate Cu and Pb in leaf tissue, 
and for this reason the use of this species can be 
considered for the biomonitoring of lead and copper 
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